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(54) SEMICONDUCTOR LIGHT-EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prolong the life and select an 
emission wavelength in the wide wavelength range which 
includes blue and green by providing a device with an active 
layer, which Includes at least aluminum, indium, gallium, and 

nitrogen and has an energy gap of less than a specified eV. < ~ttH — 100 

SOLUTION: On a sapphire substrate 101 , a GaN buffer layer 
102, an n-type GaN contact layer 103, an n-type GaN clad layer 
104, an n-type InAIGaN active layer 105, a p-type GaN clad 
layer 106, and a p-type GaN contact layer 107 are grown in this 
order. For electrodes to be injected with current, a p-side 
electrode 108 and an n-side electrode 109 are fonned on the p- 
type GaN contact layer 107 and the n-type GaN contact layer 
103 exposed by etching, respectively. For the active layer 105, 
an InAIGaN quaternary (four elements) compound is used. The 

band gap of the active layer 105 is smaller than 3.42 eV. In this compound system, as the mole 
fraction of indium increases, the band gap decreases, and when that of aluminum increases, the 
band gap increases. 
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A 1 GaNSttJil 0 5, pSG aN:7 5 >y b'S 1 0 
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nXV^S, ifS^^ii. 0llx{fW«^iS^ffljS:^^S (M 
OCVDS) (ZiOffo^iiiiT-^S, laaA^ffo 
f^i^cOTOi, pSGaNay:5'^M10 6i;. X-7 
f-y ^^tC J: 15 giai$ilit n SG a N 3 y M 1 0 3 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a semi-conductor light emitting device, especially this invention is a semi- 
conductor light emitting device which consists of a gallium nitride system semi-conductor, and relates to the 
semi-conductor light emitting device which has a barrier layer containing an indium (In), and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] Since the optical transition is a direct transition mold, efficient radiative 
recombination is possible for a gallium nitride system semi-conductor, and the development is performed as an 
ingredient of efficient light emitting devices, such as semiconductor laser or the high brightness LED. 
[0003] In addition, in this application, the mixed crystal which contains Lynn (P), arsenic (As), etc. as a V 
group element in addition to N shall also be further included with a "gallium nitride system semi-conductor" 
including the group III-V semiconducter of BxInyAlzGa(l-x-y-z) N (0<=x<=l, 0<=y<=l, 0<=z<=l). 
[0004] By adjusting the In presentation X, the indium gallium nitrogen (InxGal-xN) which is one of the mixed- 
crystal systems of a gallium nitride system semi-conductor can change bandgap energy from 3.42eV of GaN to 
2eV of InN, and it can be used for it as a visible barrier layer for light emitting devices. 
[0005] Generally, in semi-conductor light emitting devices, such as semiconductor laser and a light emitting 
diode, it is and the so-called "double hetero mold structure" is adopted in many cases. This is the structure 
which sandwiched the barrier layer (or luminous layer) which has an energy band gap corresponding to 
predetermined luminescence wavelength by the cladding layer which has a bigger band gap than it. As an 
ingredient of the luminous layer of the semiconductor device of such a double hetero mold, the indium gallium 
nitrogen (InxGal-xN) which is one of the mixed-crystal systems of a gallium nitride system semi-conductor can 
be used. Namely, by adjusting the In presentation X, indium gallium nitriding can change bandgap energy from 
3 .42eV of GaN to 2eV of InN, and can use it as a visible barrier layer for light emitting devices. 
[0006] 

[Problem(s) to be Solved by the Invention] However, the conventional semi-conductor light emitting device 
which used indium gallium nitrogen for the luminous layer had the problem that the life was not enough. 
[0007] Drawing 7 is a graphical representation showing the result of the reliability trial of the conventional 
semi-conductor light emitting device. That is, this drawing expresses aging of the optical output of blue light 
emitting diode which used for the barrier layer the mixed crystal which made 20% the indium presentation X of 
indium gallium nitrogen (InxGal-xN). Here, luminescence wavelength is about 450nm and the operating 
current of light emitting diode made operating temperature the room temperature by 20mA. As shown in this 
drawing, when the optical output of light emitting diode passed about 1000 hours, it begins to decline [ from ] 
rapidly, and deteriorates even in abbreviation one half in 10000 hours. 

[0008] Lowering of such an optical output produces a problem in various applicable fields. For example, in 
using for a traffic signal the blue light emitting device which used such indium gallium nitrogen for the barrier 
layer, it produces the serious problem that visibility deteriorates by lowering of luminescence brightness. 
Moreover, when it applies as a light emitting device data read-out and for the writing of an optical disc system, 
the writing of data becomes difficult and the problem of a read-out error increasing is produced. Furthermore, ' 
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problems, such as color nonuniformity by aging, will be caused in a multicolor display or a fiill color display 
unit. 

[0009] This invention is made in view. of this trouble. That is, the object is in offering the semi-conductor light 
emitting device which has sufficient life and can choose luminescence wavelength in broad wavelength fields, 
such as blue and green. 
[0010] 

[Means for Solving the Problem] That is, the semi-conductor light emitting device by this invention is 
characterized by having the barrier layer which has an energy gap smaller than 3.42 electron volts, including 
aluminum, In, and Ga and N at least. 

[001 1] Or it is characterized by having the barrier layer which has an energy gap smaller than 3.42 electron 
volts, including B, In, and Ga and N at least. 

[0012] Or a laminating is carried out on the 1st cladding layer of the 1st conductivity type which consists of 
GaN, the barrier layer which a laminating is carried out on said 1st cladding layer, and contains aluminum. In, 
and Ga and N at least, and said barrier layer, and it is characterized by having the 2nd cladding layer of the 2hd 
conductivity type which consists of GaN. 

[0013] Or a laminating is carried out on the 1st cladding layer of the 1st conductivity type which consists of 
GaN, the barrier layer which a laminating is carried out on said 1st cladding layer, and contains B, In, and Ga 
and N at least, and said barrier layer, and it is characterized by having the 2nd cladding layer of the 2nd 
conductivity type which consists of GaN. 

[0014] Or it is characterized by having the 2nd cladding layer of the 2nd conductivity type containing 
aluminum, and Ga and N. [ the barrier layer which contains at least aluminum, In, and Ga and N, the 2nd guide 
layer of the 2nd conductivity type which consists of GaN, and ] [ the 1st cladding layer of the 1st conductivity 
type containing aluminum, and Ga and N, the 1st guide layer of the 1st conductivity type which consists of 
GaN, and ] 

[0015] Or it is characterized by having the 2nd cladding layer of the 2nd conductivity type containing 
aluminum, and Ga and N. [ the barrier layer which contains at least B, In, and Ga and N, the 2nd guide layer of 
the 2nd conductivity type which consists of GaN, and ] [ the 1st cladding layer of the 1st conductivity type 
containing aluminum, and Ga and N, the 1st guide layer of the 1st conductivity type which consists of GaN, 
and ] 

[0016] Here, said barrier layer is characterized by having an energy gap smaller than 3.42 electron volts. 
[0017] Moreover, said barrier layer is characterized by including further the silicon of the concentration of the 
range of lxl017cm-3 to lxl021cm-3. 
[0018] 

[Embodiment of the Invention] The main point of this invention is at least to consider as the mixed crystal 
which also contains aluminum or B collectively, when creating a barrier layer with the mixed crystal which 
contains In in the light emitting device which used the gallium nitride system semi-conductor. Thereby, the heat 
resistance of a crystal can be improved and the dependability of a component property can be improved greatly. 
[0019] That is, since the barrier layer InGaN mainly used conventionally does not have the enough stability of a 
thermal crystal, it is characterized by raising the dependability of a component by this invention to component 
property degradation taking place by using the mixed-crystal system InAlGaN with an AlGaN system with 
comparatively high thermal stability etc. for a barrier layer. When an InAlGaN system is used for a barrier 
layer, since visible [ adjust / the concentration of In and aluminum / an energy gap and ], luminescence of 
ultraviolet wavelength can be obtained. 

[0020] Hereafter, the gestalt of operation of this invention is explained, referring to a drawing. Drawing 1 is the 
outline sectional view of the laminated structure of the semi-conductor light emitting device 100 concerning the 
gestalt of operation of the 1st of this invention. Among drawing, 101 are siUcon on sapphire and crystal growth 
of the GaN buffer layer 102, the n mold GaN contact layer 103, the n mold GaN layer cladding layer 104, the n 
mold InAlGaN barrier layer 105, the p mold GaN cladding layer 106, and the p mold GaN contact layer 107 is 
carried out one by one on this substrate. Crystal growth can be performed by metal-organic chemical vapor 
deposition (MOCVD law). The electrode for performing current impregnation is formed in the part on the p 
mold GaN contact layer 106 and the n mold GaN contact layer 103 exposed by etching as the p lateral electrode 
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108 and an n lateral electrode 109, respectively. 

[0021] In this invention, InAlGaN system the mixed crystal of 4 yuan which contained aluminum in the barrier 
layer 105 is used. Moreover, the band gap of a barrier layer 105 is smaller than 3 .42eV. That is, the band gap of 
the barrier layer 105 in this invention is smaller than 3.42eV which is the band gap of GaN. 
[0022] In order to form conventionally the barrier layer which has a band gap [ in this way ] smaller than GaN, 
the approach of adding an indium (In) simply to GaN was taken. 

[0023] On the other hand, in this invention, in order to form a barrier layer with a band gap smaller than GaN, 
InAlGaN the mixed crystal of 4 yuan is used. In this mixed-crystal system, generally, if an indium presentation 
is increased, a band gap will become small, and if an aluminum presentation is increased, a band gap will 
become large. For example, as for about 45% of mixed crystal, the indium presentation x of indium gallium 
nitrogen (InxGal-xN) produces green luminescence with a wavelength of about 520nm. If aluminum is added 
about 10% by the presentation ratio to this, a band gap becomes large and can obtain blue luminescence with a 
wavelength of about 450nm. According to this invention, by adopting the 4 yuan mixed crystal which added 
aluminum (aluminum) to conventional indium gallium nitrogen, the dependability of a light emitting device is 
notably improved so that it may explain in full detail behind. 

[0024] Moreover, the cladding layers 104 and 106 in which the barrier layer 105 is formed up and down consist 
of GaN. Thus, if GaN constitutes each cladding layer, to the barrier layer which has a band gap corresponding 
to blue - green, a gap of a lattice constant decreases and the life of a light emitting device can be improved 
further. That is, the lattice constant of the InAlGaN system the mixed crystal of 4 yuan corresponding to the 
wavelength range of blue to a light field is larger than GaN. On the other hand, AlGaN currently used 
abundantly as an ingredient of a cladding layer has a lattice constant smaller than GaN conventionally. 
Therefore, when the conventional AlGaN is used as an ingredient of the cladding layer which adjoins a barrier 
layer, there is a problem that the difference of a lattice constant becomes large. On the other hand, according to 
this invention, by setting to GaN the cladding layer which adjpins a barrier layer, the difference of a lattice 
constant with the barrier layer which consists of InAlGaN mixed crystal of 4 yuan becomes small, and can 
improve dependability further. 

[0025] Drawing 2 is a graphical representation showing the result of life test of the semi-conductor light 
emitting device 100 of this invention. Here, continuous action was carried out at the room temperature by the 
conditions of 20mA of operating currents about the light emitting diode which used for the barrier layer 
InAlGaN the mixed crystal of 4 yuan of the presentation mentioned above. Even if the semi-conductor light 
emitting device of this invention passes 10000 hours, an optical output hardly declines, so that drawing 2 may 
show. As compared with the conventional semiconductor device ( drawing 7 ) which produces blue 
luminescence of the same wavelength field, it turns out that the life is improved notably. That is, according to 
this invention, the life of a semi-conductor light emitting device is notably improved by adding aluminum and 
adjusting a band gap, increasing the presentation of an indium to the 3 yuan mixed crystal of conventional 
indium gallium nitrogen. 

[0026] The remarkable effectiveness of such this invention differs from the conventional accepted theory. That 
is, increasing an indium presentation in indium gaUium nitrogen conventionally reduced the stability of a crystal 
according to the next factor, and it has been supposed that it is it what degrades the dependability of a light 
emitting device. 

[0027] First, lowering of growth temperature can be mentioned to the 1st. That is, the 3 yuan mixed crystal of 
indium gallium nitrogen can be considered as a combination of GaN and InN, Here, when it sees about GaN, in 
order to raise crystal quality, generally the growth temperature of 1000 degrees C or more is needed. On the 
other hand, InN containing In with comparatively high vapor pressure needs to lower growth temperature rather 
than GaN. For this reason, in order to increase the indium presentation x of indium gallium nitrogen (InxGal- 
xN), it is necessary to make grov^h temperature lower than GaN. as the reference which indicated this data ~ 
Appl.Phys.Lett. - 59 and 2251 (1991) can be mentioned. That is, in indium gallium nitrogen, in order to 
increase an indium presentation, it is necessary to lower crystal growth temperature. When crystallinity tends to 
have fallen and such a crystal was used for the barrier layer of a light emitting device as this result, it was 
supposed that a life must be short. 

[0028] On the other hand, as for indium gallium nitrogen, it is known that the interaction parameter of InN and 
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GaN which are a compound is large, and the non-mixing field of 2 yuan exists. As reference which indicates 
this data, Appl.Phys.Lett.71, 105 (1997) can be mentioned, for example. That is, also when the indium 
presentation was increased, and a crystal became instability and it used as a barrier layer of a light emitting 
device in order to approach this non-mixing field, it was supposed that a life must be short. 
[0029] As explained above, indium gallium nitrogen needs to lower crystal grov^h temperature, so that it 
increases an indium presentation, and the crystal which grew at low temperature in this way tends to become 
instability thermally. Moreover, in order to approach a non-mixing field, perfect crystal is difficult to get. 
Therefore, it was supposed that the component using the mixed crystal of a high indium presentation as a 
luminous layer should have an unstable property, and the dependability especially in long duration actuation 
must be low. 

[0030] However, this invention person discovered that the life of a light emitting device was improved by 
reverse with the conventional accepted theory, when the indium presentation of indium gallium nitrogen was 
increased to some extent, as a result of performing original examination in relation to this invention. 
[003 1] Drawing 3 is the graphical representation of life test of the semi-conductor light emitting device obtained 
as a result of an original examination of this invention person. That is, the data which expressed to this drawing 
are as a result of life test of the light emitting diode which adopted as the barrier layer the indium gallium 
nitrogen whose indium presentation is 45%. The life is improved although the indium presentation is increasing 
as compared with the data shown in drawing 7 in case an indium presentation is 20%. 

[0032] That is, in indium gallium nitrogen, it was thought that dependability fell so that the presentation of an 
indium increased conventionally, but in practice, when the presentation of an indium increased to some extent, 
it discovered that dependability was recovered conversely. This result is considered that the conventional 
accepted theory mentioned above is what is contradictory and supports a part of operation effectiveness of this 
invention. That is, in this invention, the indium presentation of indium gallium nitrogen is increased and a band 
gap is adjusted by adding aluminum fijrther. The life of a light emitting device is improved as the result. 
[0033] For example, the barrier layer 105 of the semi-conductor light emitting device of this invention shown in 
drawing 1 consists of InAlGaN mixed crystal of 4 yuan which added little aluminum into the conventional 
InGaN crystal (45%) of indium presentations) which carries out green luminescence, and was obtained, and the 
luminescence wavelength is also controlling the green twist by the mixed-crystal ratio of aluminum in the short 
wavelength region. That is, since the energy gap of AIN is larger than that of GaN and InN, by the system 
containing aluminum, luminescence wavelength becomes short according to the increment in aluminum mixed- 
crystal ratio. With the structure of this example, the component which carries out 450nm blue luminescence has 
been obtained by mixed-crystal-izing aluminum to InGaN which carries out green luminescence. Thus, by 
increasing an indium presentation conventionally, it is guessed that dependability is improving so that drawing 
3 may see. 

[0034] On the other hand, as shown in drawing 2 , as for the light emitting device of this invention, 
dependability is further improved rather than the light emitting device of drawing 3 . Although it is not clear 
about this cause, either, it is surmised by adding aluminum that it is what is depended on the result by which the 
stability of a crystal has been improved further. 

[0035] Next, this invention person investigated the effectiveness of doping of silicon (Si) over the light emitting 
device of this invention. Drawing 4 R> 4 is the graphical representation showing the relation between Si 
concentration of the barrier layer of the light emitting device of this invention, and luminescence reinforcement. 
As shown in this drawing, the luminescence reinforcement of light emitting diode changes with Si 
concentration. Luminescence reinforcement increases more rapidly [ Si concentration ] than the lxl016cm-3 
neighborhood, it becomes max in the about 1x1018 to lxl020cm-3 neighborhood, and luminescence 
reinforcement decreases rapidly by high Si concentration more than it. Even if this inclination changed the 
mixed-crystal ratio of a barrier layer, it did not change, but the same result was obtained. In the layer system 
shown in drawing 1 , when Si was doped lxl019cm-3 to the InAlGaN barrier layer 105, 20mA [ of operating 
currents ] luminescence reinforcement was 3mW on the luminescence wavelength of 450nm. This result is the 
same as that of the luminescence reinforcement of the conventional light emitting diode which shows the same 
luminescence wavelength and does not contain aluminum in a barrier layer. That is, when aluminum was added 
to a barrier layer by this invention, it turned out that luminescence reinforcement can be increased by doping of 
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silicon as usual. Drawing 4 shows that the range of practical silicon concentration is lxl017cm-3 to Ix 102 1cm- 

3. Moreover, in the silicon concentration of this range, degradation did not arise in the dependability of a light 
emitting device. That is, in the light emitting device of this invention, even if it dopes silicon by this density 
range and made luminescence reinforcement increase, very good dependability which was illustrated to drawing 
2 was acquired. 

[0036] Next, the modification of this invention is explained. Drawing 5 is the outline sectional view of the 
laminated structure of the 2nd semi-conductor light emitting device 200 by this invention. That is, the semi- 
conductor light emitting device 200 is semiconductor laser, and the laser structure of a nitride system semi- 
conductor is formed on the sapphire 201 which makes the a-th page a principal plane. Specifically on the 
substrate 201, the laminating of the GaN buffer layer 202, the undoping GaN layer 203, the n mold GaN contact 
layer 204, the n mold AlGaN cladding layer 205, the n mold GaN guide layer 206, a barrier layer 207, the p 
mold GaN guide layer 208, the p mold AlGaN cladding layer 209, the p mold GaN layer 210, the current 
blocking layer 21 1, the p mold GaN layer 212, the p mold GaN layer 213, and the p mold GaN contact layer 
214 is carried out to order. Moreover, the n lateral electrode 130 is formed on n mold contact layer 104, and the 
p lateral electrode 13 1 is formed on p mold contact layer 114. 

[0037] Here, a barrier layer 207 consists of multiplex quantum well (MQW) structure of the periodicity 5 which 
has an AlInGaN well layer with a thickness of 3nm at 15% of In presentations with an AlInGaN barrier layer 
with a thickness of 5nm and 45% of In presentations. 

[0038] According to this invention, by using as the 4 yuan system mixed crystal of AlInGaN the barrier layer 
and well layer of a multiplex quantum well which constitute a barrier layer 207, respectively, as mentioned 
above about drawing 2 , the remarkable improvement in dependability is realizable. 
[0039] Moreover, according to this invention, by constituting the guide layers 206 and 208 which adjoin a 
barrier layer 207 by GaN, respectively, the difference of a lattice constant with the barrier layer 207 which 
consists of AlInGaN can be made small, and the dependability of a semiconductor laser component can be 
improved further. 

[0040] Next, still more nearly another modification of this invention is explained. Drawing 6 is the mimetic 
diagram showing the cross-section structure of the 3rd semi-conductor light emitting device 300 by this 
invention. That is, the light emitting device 300 of this drawing is semiconductor laser, it has the 4H mold 
SiC301 which made the carbon side of the fields the principal plane as a substrate (0001), and laser structure is 
formed on it. 306 is the barrier layer 306 made into the chief aim of this invention, and has the multiplex 
quantum well mold structure which consists of AlInGaN here. 

[0041] Semiconductor laser 300 has the structure where the laminating of the GaN buffer layer 302, the n mold 
GaN layer 303, the n mold AlGaN cladding layer 304, the n mold GaN guide layer 305, the multiplex quantum 
well barrier layer 306, the p mold GaN guide layer 307, the p mold AlGaN cladding layer 308, the i mold 
AlGaN current blocking layer 309, the p mold GaN layer 3 10, and the p mold InGaN contact layer 3 1 1 was 
carried out on the substrate 301 . Moreover, the n lateral electrode 320 is formed in the rear face of the SiC 
substrate 301, and the p lateral electrode 321 is formed on p mold contact layer 311. 

[0042] Here, a barrier layer 306 consists of multiplex quantum well (MQW) structure of the periodicity 3 which 
has an AlInGaN well layer with a thickness of 3nm at 10% of In presentations with an AlInGaN barrier layer 
with a thickness of 5nm and 40% of In presentations. 

[0043] Thus, by using as the 4 yuan system mixed crystal of AlInGaN the barrier layer and well layer of a 
multiplex quantum well which constitute a barrier layer 306, respectively, as mentioned above about drawing 
2 , the remarkable improvement in dependability is realizable. 

[0044] Moreover, by constituting the guide layers 305 and 307 which adjoin a barrier layer 306 by GaN, 
respectively, the difference of a lattice constant with the barrier layer 306 which consists of AlInGaN can be 
made small, and the dependabiUty of a semiconductor laser component can be improved further. 
[0045] Furthermore, in a light emitting device 300, since conductive SiC is used as a substrate 301, an electrode 
320 can be formed in the rear face. As the result, as compared with the case where it forms on silicon on 
sapphire, component structure and a manufacture process can be simplified and component size can also be 
made small. 

[0046] In the above, the gestalt of operation of this invention was explained, referring to an example. However, 
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there is no this invention what is limited to these examples. 

[0047] For example, although short wavelength-ization of luminescence wavelength was adjusted by adding 

aluminum to InGaN by the example mentioned above, the same effectiveness is acquired even when boron (B) 

is used. Or the BInAlGaN system which added aluminum and B may be used for a barrier layer. 

[0048] Furthermore, as a V group element of such mixed crystal which constitutes a barrier layer, arsenic (As) 

and Lynn (P) can be added and luminescence wavelength can also be adjusted to long wavelength. 

[0049] Moreover, in the example mentioned above, although sapphire and SiC are used as a substrate, what is 

necessary is just the substrate with which the galHum nitride system semi-conductor other than these can grow. 

For example, conductive substrates, such as insulating substrates, such as a spinel, and ScAlMg04, LaSrGa04, 

O (AlTa (LaSr))3, and ZnO, Si, can be used similarly. Since the lattice matching of especially ZnO is possible 

for AlInGaN the system of 4 yuan, the predominance is high. 

[0050] 

[Effect of the Invention] According to this invention, the property of a semi-conductor light emitting device can 
be stabilized by adding aluminum, B, etc. to InGaN of a barrier layer. That is, even if the semi-conductor light 
emitting device of this invention passes 10000 hours, an optical output hardly declines but the life is notably 
improved as compared with the conventional semiconductor device which produces blue luminescence of the 
same wavelength field. Thus, according to this invention, the life of a semi-conductor light emitting device is 
notably improved by adding aluminum and boron and adjusting a band gap, increasing the presentation of an 
indium to the 3 yuan mixed crystal of conventional indium gallium nitrogen. 

[0051] Unlike the conventional accepted theory, the remarkable effectiveness of such this invention is acquired 
as a result of an original examination of this invention person. 

[0052] Moreover, according to this invention, by using GaN as an ingredient of the layer which adjoins the 
barrier layer, the difference of a lattice constant can be reduced and the dependability of a light emitting device 
can be improved further. That is, if GaN constitutes layers, such as a cladding layer which adjoins a barrier 
layer, to the barrier layer which has a band gap corresponding to blue. - green, a gap of a lattice constant 
decreases and the life of a light emitting device can be improved further. 

[0053] Moreover, a luminescence property can be improved by doping silicon to the luminous layer. That is, in 
this invention, the range of practical silicon concentration is lxl017cm-3 to lxl021cm-3, and degradation did 
not produce it in the dependability of a light emitting device in the silicon concentration of this range. That is, in 
the light emitting device of this invention, even if it dopes silicon by this density range and made luminescence 
reinforcement increase, very good dependability was acquired. 

[0054] As explained in full detail above, according to this invention, high-reliability and the semi-conductor 
light emitting device of high performance can be realized, and the merit on industry is great. 



[Translation done.] 
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